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Analysis of Problem Codes on the Maniac
The Los Alamos computer, the MANIAC, has solved problems of wide variety during the last few years. The mathematical structure of such problems has ranged from differential equations (particularly partial differential equations), integral equations, stochastic processes, purely algebraic problems to some in the domain of mathematical logics.
There are several reasons why a frequency analysis of the computer as used in several typical problems might be useful. From such a study one may learn of significant variations in such distributions from one type of problem to another. Further, one may reach conclusions about the selection of the computer vocabulary. Most importantly, however, one may use the quantitative results as guiding principles in the design of a new computer. The economy of computer design is connected with the question, "Is the desirability of a particular order1 commensurate with the associated electronic hardware?"
Finally, a frequency analysis enables one to form accurate estimates for the "running time" of a problem; this information aids considerably in efficient scheduling of computer time. A knowledge of operation times for subroutines enables one to make rather good time estimates of lengthy problems during the formulation stage.
These frequency distributions can, of course, be gathered by hand. A more obvious way is to have the computer itself perform the analyses.
A routine has been developed for this purpose and is called the "Code Analyzer."
The Code Analyzer gives the following information about a computer problem:
the result of normalizing the distribution (1). To obtain (3), frequency of dynamic count, the problem must be run by means of an interpretive routine2 (in our case it has actually the same vocabulary as the computer) which tallies one for the order as each instruction proper is performed. Distribution (4) is simply a normalization of (3). The operation times for the various individual orders are stored as constants within the Code Analyzer, and therefore only a simple multiplication is needed to obtain (5) in all cases except for the shift orders which are, of course, of variable duration. Each shift order is examined to determine the number of places shifted and the time computed accurately according to a simple linear expression.
Operation times were obtained by taking the time difference of a large number of passes through a control loop with and without each order. Dividing this time difference by the total number of passes, one obtains a realistic measure of the individual operation times that includes the access time for each instruction.
When the above statistical information has been gathered, the percentages and totals are calculated and all six columns (1 to 6, above) are printed, preceded by a column which lists the MANIAC's thirty-six orders. Totals (7) are printed below the appropriate columns. A brief explanation of the vocabulary symbols is given in Table 1 .
Conceptually, the idea of the Code Analyzer is very simple. In practice, this would also be true provided a computer had only one medium of storage which was sufficiently capacious to contain simultaneously the Code Analyzer and the problem at hand. However, this condition does not obtain for the MANIAC which has one thousand and twenty-four locations of electrostatic storage (primary) and ten thousand locations of magnetic drum storage (secondary).
The communication between the two media gives rise to considerable complications during the interpretative process. As a result, the code for the Code Analyzer itself is by no means short; indeed, it has one thousand instructions, apart from numerical storage.
The procedure is as follows: First, the problem to be analyzed is loaded into the storage normally, as if it were going to be run. Then a key instruction is inserted at the end of a typical cycle to indicate the terminal point of interpretation. With very short problems, or with subroutines, this stop is the end of the problem or the exit from the subroutine. The code of the problem residing in the electrostatic memory is then transferred to the drum at a place that the Code Analyzer will use as a simulated one thousand twenty-four word memory during interpretation.
In the interest of speed, the numerical storage, both constant and dynamic, remains in the true electrostatic memory at all times. This is possible if there are several Code Analyzers, each occupying a different section of the electrostatic memory, so one may be chosen which does not conflict with the numerical storage of the problem being analyzed. The next step is to load the selected Code Analyzer into the memory. To allow for problems with prodigious storage, all of the code for the Code Analyzer does not reside in the electrostatic memory at one time. The Code Analyzer divides naturally into two parts since the counting is independent of the totaling, computing of percentages, and printing of the output. Thus, only the code for the counting is loaded immediately into electrostatic storage. The second part of the code is temporarily stored on the magnetic analysis of problem codes on the maniac drum. Then, with the help of an auxiliary read tape which contains the initial and final addresses of the problem code, the address where interpretation is to begin, and the initial and final addresses of the problem storage, the Code Analyzer proceeds with its work and prints the results as described above. In addition both the dynamic and static counts for each analysis are punched on paper tape. Table 2 the analysis of a problem in hydrodynamics is shown. Analyses are also given in Tables 3 and 4 for a Monte Carlo problem and for one in mathematical logics, respectively. A major portion of the MANIAC's subroutines has been analyzed. The data for thirty-seven subroutines are shown summarized in Table 5 . The running time for the analysis of the hydrodynamics problem was twenty-five minutes, the Monte Carlo problem took seven minutes, and the logical problem took twenty minutes. Each subroutine analysis was a matter of seconds. Examination of these preliminary results provides quantitative estimates to such matters as the effect on the running time for a problem if the operation time of some order were decreased by some factor. In other words, attention may be focussed where the "shoe pinches most." For example, a decrease of fifty per cent in the multiplication time alone would cut the running time by 30 per cent in some of the typical problems. We also see that some orders could have been sacrificed without too much pain or regret. Examination of subroutine times has led to a re-evaluation of some of the methods used and in some cases has resulted in vast improvements. It is planned to continue gathering statistics of problems computed on the MANIAC to establish a more quantitative basis for some of our ideas and conjectures. Work performed under the auspices of the Atomic Energy Commission. 1 An "order" here refers to a. single arithmetical or logical operation; e.g., add, multiply, transfer control. The ensemble of orders constitutes the computer vocabulary. An "instruction" refers to an order and its associated address.
2 An interpretive routine is one which simulates a computer control and arithmetic unit. In effect, it translates and performs a coded sequence of instructions.
